The existing spatial relationship composite models have defects in both cognitive habits and differentiation degree when describing the spatial relationship between the three dimensional objects. These defects can cause inaccuracy in the process of spatial reasoning. In order to solve this problem, this paper proposes a Three-Dimensional Improved Composite Spatial Relationship Model (3D-ICSRM). Then a high-precision spatial relationship reasoning algorithm is presented based on this model, which combines qualitative and quantitative analyses. Finally, both the correctness and performance advantages of spatial reasoning algorithm are verified by experiments based on this proposed model.
Introduction
The representation and reasoning of spatial information is the core of Artificial Intelligence system, Geographic Information System (GIS), and so on [1] . In order to make better use of the spatial information in practice, it is of importance to understand, describe, analyze, and process the spatial relationship accurately [2] . Spatial relationship expression model is the basis of describing and analyzing the spatial relationship between objects in GIS. Singlemode spatial relationship model is lack of the accuracy of describing the relationship between objects and completeness of expressing the spatial information. Therefore, the research of spatial relationship tends to compound model in recent years. At present, there are three limitations in the study of the compound expression model: (1) Cognitive view: although the size of the object itself is considered, there is a big difference between the definition of the direction and the human cognitive habit which leads to serious semantic conflict in the process of spatial relation reasoning [3] . (2) Differentiation degree: the spatial location information is described with low accuracy which can lead to large errors in the calculation processing and obvious limitations in solving complex spatial relationships. (3) Spatial dimension: there are few studies on three-dimensional space due to the fact that the present research mainly focuses on the two-dimensional space. In summary, in small scale three-dimensional space, spatial object is often represented as a point, rather than the influence of the shape and size of the object itself [4] . Therefore, the spatial relation model in this environment has higher requirements in terms of spatial cognition and division. This paper proposes a compound 3D spatial relation model named Three-Dimensional Improved Composite Spatial expression Relationship Model (3D-ICSRM) to solve the problem. Moreover, a new high-precision algorithm of position relation reasoning is presented on the basis of this model. The remainder of the paper is organized as follows: Section 2 reviews related works of spatial relationship. Section 3 proposes the 3D-ICSRM model and evaluates the performance of the model. Section 4 presents a highprecision spatial relation reasoning algorithm based on the description of spatial information. Section 5 provides the reasoning results, verifies the correctness of the composite model and reasoning algorithm, and presents the advantages of the inference algorithm over composite table method by using comparison experiments. Section 6 summarizes the work of this paper and presents an outlook for future works. aspect of projection-matrix method, Chen et al. [5] used the intersection cube matrix to describe the directional relationship in 3D space. Wang et al. [6] represented 3D spatial directional relationship with a 3x9 matrix and gave the corresponding reasoning method. Gu et al. [7] applied the double-projection 3x3 matrix model to describe the directional relationship. Spatial objects were represented by the Minimum Bounding Rect (MBR) in all of the above models as shown in Figure 1 (a). Obviously, there is a difference between the definition of direction in these MBR-based models and human cognitive habits. People do not describe North in such a rigid way as MBR-based model does. There are a lot of researches on the combination of direction and topology. Song et al. [8] proposed an effective complex spatial relationship model named TDSC based on the relationship of topology, direction, and size. Li et al. [9] presented a consistency algorithm to deal with the constraints of topological relationship and directional relationship. Salamat et al. [10] proposed a method for reasoning of two dimensional spatial scenes with the Combination of Topological Direction (CTD) to handle the combination of topological and directional relationships. However, these models are still imprecise when describing the qualitative relationship between spatial objects. In the study of the composite model of directional relationship and distance relationship, Liu et al. [11] proposed a combination of directional model and qualitative distance as shown in Figure 1 (b). Although this model has some improvement in cognition, it still has some shortcomings as inaccuracy for the division and description of the direction. Li et al. [12] presented 3DR44-4d model by adding distance relationship into 3DR44 model. This model increased the accuracy of the expression. Meanwhile, the division and cognition of spatial directional relationship have not been improved effectively. Wang et al. [13] combined the 8-direction cone model with the distance relationship as shown in Figure 1(c) . However, the model can only be applied to 2D spatial objects, and the position information of 3D spatial objects cannot be expressed correctly in these models. These defects affect the accuracy of spatial reasoning results directly. More and more attention has been paid to the processing of complex spatial information [14] . As a result, there is a higher requirement for the three-dimensional spatial relationship model in the aspect of both cognition and accuracy. However, the existing models are deficient. To solve this problem, this paper proposes a three-dimensional improved composite spatial relationship model (3D-ICSRM) and presents a new algorithm for high-precision spatial relation reasoning.
3D-ICSRM Model
The cone model is more suitable for human cognition than other models in the definition of the spatial directional relationship, and it is easy to implement and maintain. The comparison of the three cone models showed in Figures 1(b) , 1(c), and 1(d) shows that the cone model in Figure 1 (c) is better than other models in space division. Therefore, this paper presents 3D-ICSRM based on the model shown in Figure 1 (c). The 3D-ICSRM model is shown in Figure 5 . ), and Down (Abbreviations: ), which fits our cognition in verticle.
As Is Shown in Figure 2 . The space in verticle is divided into 4 layers, which are , , , and . Layer and layer are divided by a line which is angled 45 degrees from the x-axis. As the same reason layer and layer are divided. There are four objects 1 , 2 , 3 , and 4 in this area, and they are in , , , and separately. 
, which close to our real life.
For example, when the distance between me and the storm is 0m to 100m, I would say it is very close to me. While when the distance changes to 100m to 500m, I claim it is close to me. More than, 500m to 1000m is intermediate for me. 1000m to 1500m is far for me. As for the distance up to 1500m, it is very far for me. Take this as an example; when I set my qualitative distance, I would set Definition 4. 3D-ICSRM Model. Based on the above three definitions, in three-dimensional space, with the reference object as the center, three-dimensional space is divided into 4 * 8 * 5 areas (4 layers combine 8 directional areas and combine 5 qualitative distances). Point O( , , ) represents the centroid of a three-dimensional object. And 4 layers combine 8 directional areas; divide the three-dimensional space into 32 areas as follows: The 3D-ICRSM model includes 4 layers in vertical. Each level of horizontal is divided into 8 directional areas average. Each part of the 32 separated areas in the three-dimensional space has 5 qualitative distances. Thus through this model, each object's direction can be described easily. The schematic diagram of the 3D-ICSRM is shown in Figure 5 .
The distance between the adjacent qualitative areas meets a fixed proportion of k (k + ). 3 is used to represent the 32 directional regions around the reference object while 3 is the symbol set of the 5 distance regions. Take the map as an example; the scale is smaller and the content is more detailed. On the contrary, the scope is larger and the content is simple. The 5 evaluation indexes of the model proposed by Goyal are an important basis for evaluating the performance of a spatial relation model [15] . The following is a theoretical analysis of the performance of the model from five aspects: (1) Formal. The directional terminology used by people to communicate with each other may have different meanings for different people, but in GIS it is necessary to have a formal definition of the direction terms, which can be used to formalize the model. The definitions of 3D-ICSRM in both horizontal and vertical direction are more in line with the spatial cognition of human daily habits. Combined with the rigorous qualitative distance of the space division, the formal ability is well. (2) Inferential. The spatial relation model has the ability to infer the unknown spatial relationship from the spatial relations among the known spatial objects and obtain the relationship between other objects. There is an accurate range and range of distances for each spatial region of the 3D-ICSRM model. If there is no coincidence, there will be 25600 kinds of reasoning results. (3) Shape-Sensitive. The result is the same when the model describes objects at different observation scales. Because of the limitation of the cone model in describing spatial relations, the 3D-ICSRM model can only be used to describe and define the spatial relations between three dimensional objects in a small scale environment. (4) Dimension-Neutral. The space object is treated as a point in the cone model, and the shape of the object does not have a great influence on the judgment of the spatial relationship. Therefore, the 3D-ICSRM model does not consider the shape of the reference object. (5) Comparable. Due to the increase of the horizontal and vertical division of the 3D-ICSRM model, there are 160 kinds of position relations that can be distinguished directly.
Reasoning

Principle of Reasoning Method.
Reasoning is deriving unknown directions from the known directions. As shown in Formula (2). The spatial relationship between object A and object C could be inferred by two known directions ( , ) and ( , ). Here ( , ) means the direction of two objects in three-dimensional,
Mathematical Problems in Engineering 5 abbreviations: ( , ). The symbol ∧ means combine two directions of reasoning. → is a deduced symbol which means one can derive results from combined conditions. means the distance between objects A and C; it represents the abbreviation of .
In the 3D-ICSRM model and the spherical coordinate system, angle , and distance are used to describe the relationship between the Target Object ( ) and the Reference Object ( ). Angle represents 8 horizontal regions:
represents ( (3). , indicate the angle between the object and the three-dimensional Cartesian axis.
The coordinate of object A is ( , , ), and the coordinate of object B is ( , , ); then the spherical coordinates are shown in Formula (4). means the distance of object A and object B in three-dimensional space. 
Meanwhile, the relationship between C and A meets Formula (6).
So the reasoning is shown in Formula (7). 2 ] z − = cos + cos
The angle is included angle between segment AB and line { = , = } positive while the angle is included angle between segment BC and line { = , = } positive. The angle is included angle between AB and line { = , = } positive while the angle is included angle between BC and line { = , = } positive. For example, when the coordinate of object A is origin, then the line { = , = }. Based on the 3D-ICSRM model, the qualitative distance satisfies the following three limitations:
The range of a given distance is greater than that of all previous ranges which can be expressed as ≥ Δ − 1, ≥ 1. (3) The absorption rate. Define ">>" as a logical relation,
is "absorbed. In 1st line, the definition of the 3D-ICSRM model is given. Then the spatial position relation between objects and , and is given based on the model. From 6th to 9th lines of code is used to judge whether the known position satisfies the constraint conditions of qualitative distance. The numerical calculation of the relative relation of the implicit object is done from 11th line to 13th line. The calculations of all results angles and distances are done from 13th line to 15th line. Then, the distance relationship is got in 18th line, and directional 
